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ABSTRACT 
The use of LPG as an alternate fuel for road vehicles has been studied extensively in recent years 
i.e., approximately 4 million vehicles are operating on LPG worldwide. Most of these were 
mainly light, medium and heavy-duty trucks originally operated on gasoline and later converted to 
LPG using approved and certified conversion kits. Many investigations have reported favorable 
results from emission perspectives when LPG is used as an alternative fuel in spark ignition 
engines. Emissions from LPG vehicles are significantly lower than conventionally fueled vehicles. 
LPG operated vehicle reported hydrocarbon (HC) emissions as 40% lower, carbon monoxide 
(CO) as 60% lower and carbon dioxide (CO2) as substantially reduced.  
Keywords: LPG, Emissions, Spark ignition 
1. INTRODUCTION 
 LPG is obtained from the process of natural gas and crude oil extraction and as by-product 
of oil refining. It is primary composition is a mixture of propane and butane. It has higher octane 
number (105) than petrol (91-97).The use of LPG in internal combustion engines yielded higher 
thermal efficiency and better fuel economy compared to unleaded gasoline. This is due to mainly 
the higher octane rating which permits greater engine compression ratio without the occurrence of 
knock.LPG also has higher heating value compared to other fuels and can be liquefied in a low 
pressure range of 0.7 to 0.8 MPa at atmospheric pressure. Gaseous fuels such as liquefied 
petroleum gas (LPG) and liquefied natural gas (LNG) have been widely used in commercial 
vehicles, and promising results were obtained in terms of fuel economy and exhaust emissions. 
LPG gas as a low carbon and high octane number fuel produces lower carbon dioxide (CO2) 
emission as compared to gasoline. The use of LPG as an alternate fuel for road vehicles has been 
studied extensively in recent years i.e., approximately 4 million vehicles are operating on LPG 
worldwide. Emissions from LPG vehicles are significantly lower than conventionally fueled 
vehicles.LPG operated vehicle reported hydrocarbon (HC) emissions as 40% lower, carbon 
monoxide (CO) as 60% lower and carbon dioxide (CO2) as substantially reduced. In addition, 
since LPG has lower carbon content than gasoline, it virtually produces zero emissions of 
particulate matter and lower amount of NOx emission as well. Engine life is increased for LPG 
engine as cylinder bore wear is reduced & combustion chamber and spark plug deposits are 
reduced. As LPG is stored under pressure, LPG tank is heavier and requires more space than 
gasoline tank. There is reduction in power output for LPG operation than gasoline operation. 
Starting load on the battery for an LPG engine is higher than gasoline engine due to higher 
ignition system energy required. LPG system requires more safety. In case of leakage LPG has 
tendency to accumulate near ground as it is heavier than air. This is hazardous as it may catch fire. 
Volume of LPG required is more by 15 to 20% as Compared to gasoline. LPG operation increases 
durability of engine and life of Exhaust system is increased. LPG has lower carbon content than 
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gasoline or diesel and Produces less CO2which plays a major role in global warming during 
combustion. LPG powered vehicles have lower ozone forming Potential and air toxic 
concentrations. 
                R.R. Saraf, S.S.thipse and p.k.saxena (2009) this paper presents comparative emission 
study of newly introduced gasoline/LPG bi fuel automotive engine in Indian market. Emissions 
were tested as per standard procedure and were compared.[1] Corrected emissions were computed 
by deducting ambient reading from sample reading. Paper describes detail emission test procedure 
and results obtained. CO emissions were in the range of38.9 to 111.3 ppm. HC emissions were in 
the range of 18.2 to 62.6 ppm. Nox emissions were 08 to 3.9 ppm and CO2 emissions were from 
6719.2 to 8051 ppm. Syed Yousufuddin, Syed Nawazish Mehdi (2007) Research and experiments 
on liquefied petroleum gas (LPG) have demonstrated that this fuel is suitable as an alternative to 
conventional fuel.[2]. R.K.Mandloi, A.Rehman the LPG has been suggested as a convenient, 
clean burning less pollutant fuel. LPG is among the many alternative proposed to replace gasoline 
in the short term due to its excellent characteristics as a fuel for spark ignition engines.[3]. This 
paper presents discussion on the parameters that affect the engine’s heat inputs mainly during 
power stroke, with suggestions to minimize it. Albela H.Pundkar, S.M. Lawankar, Dr. Sameer 
Deshmukh(2000) has been carried out to investigate the effect of various piston cavities and swirl 
ratio on combustion characteristics as well effect of fuel composition on engine performance with 
a single cylinder research engine (Nissan Diesel Co. FD1L.From the results he found that Lean 
burn operation of an LPG SI engine resulted in improved fuel consumption for both the full and 
half load cases.[4]. High swirl improved combustion stability and thermal efficiency, and enabled 
engine operation at low NOx levels. Ki HyungLee, Chang Sik Lee, Jea Duk Ryu and Gyung-Min 
Choi (2002) investigate the combustion characteristics and flame propagation of the LPG 
(liquefied petroleum gas) and gasoline fuel.[5]. The results also show that the equivalence ratio 
has a great effect on the flame speed, combustion pressure and the combustion duration of the 
fuel-air mixture. M.A. Ceviz, F.Yuksel (2006) compares the cyclic variability and emission 
characteristics of LPG and gasoline-fuelled spark ignition engine at lean operating conditions. 
Cylinder pressure, indicated mean effective pressure (imep), mass fraction burned (MFB) and 
combustion duration are presented in relation to cyclic variability.[6]. C-L Myung,S Park,J Kim,K 
Choi,I G Hwang (2011)focuses on the experimental comparison of combustion phenomena and 
nano particle emission characteristics from a wall-guided DI spark ignition engine for gasoline 
and LPG. [7]. 
The object of good combustion chamber design is to optimize the filling and emptying of 
the cylinder with fresh un burnt and burnt charge respectively over the engine’s operating speed 
range.; and to create the condition in the cylinder for the air fuel to be thoroughly mixed and 
excited into a highly turbulent state so that the burning of the charge will be completed in the 
short possible time. Moderate rate of pressure rise during combustion. Absence of detonation 
which in turn means: Compact combustion chamber, short distance of flame travel from the 
sparking plug to the farthest point in the combustion space. Pockets in which stagnant gas may 
collect should be avoided. Proper location of the spark plug and exhaust valve. Satisfactory 
cooling of the spark plug points (to avoid pre ignition) and of exhaust valve head which is the 
hottest region of the combustion chamber. 
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2. EXPERIMENTAL SETUP LPG FUELLED SPARK IGNITION ENGINE 
       
  A standard production engine has to run acceptably well over a wide range of operating 
conditions, poor fuel, towing of trailers/caravans etc. and yet still deliver good economy and 
flexibility. Consequently the engine is tuned to give good low down performance and will use 
conservative timing and fuelling settings. It also has to cope with poor quality fuel and changes in 
altitude that can seriously affect the engines behavior.  A tuned engine generally is not designed to 
give good performance below 2500-3000 RPM and indeed below this level, the volumetric 
efficiency of the engine is seriously affected. The more extreme the cam profile, the worse this 
situation becomes. This means that the effective cylinder filling at lower RPM is poorer than with 
a standard engine. Cam is used to run the fuel injection pump to inject the diesel fuel inside the 
engine at the end of compression stroke. The same cam can be used here to operate the electrical 
ignition system break point. The figure 4.2 shows the arrangement of ignition coil. A simple push 
rod placed over the rotating cam by proper support. This rod moves towards and forwards of the 
ignition coil with respect to cam rotation and open or close the ignition coil break point. 
 The four-stroke spark ignition engine used in this study has a displacement of 359cc and a 
compression ratio of 18:1. It is a single cylinder, naturally aspirated, forced air cooled with a bowl 
in piston combustion chamber and equipped with a single overhead camshaft (SOHC). The test rig 
used in this work mainly consists of the engine, a ropeway dynamometer and a non-dispersive 
infra red (NDIR) 5-gas analyzer. The test engine was mounted onto a steel structure, which was 
fabricated in the authors‟ machine workshop to facilitate the installation of the dynamometer.  
           The height of the steel structure was meticulously calculated and designed to ensure perfect 
alignment with the dynamometer during installation. Throughout experimental testing, the whole 
engine and steel structure were placed on top of four-rubber damper-legs to alleviate the constant 
occurrence of vibration. The engine was coupled to a ropeway dynamometer using a connector. 
The performance of the engine running on both gasoline and LPG were basically determined from 
data obtained from the dynamometer. The ropeway dynamometer permits different load 
measurement in this study. A NDIR 5-gas analyzer was positioned at the exhaust tailpipe for 
emission measurement. The analyzer has the capability of sampling various exhaust products such 
as hydrocarbon (HC), carbon monoxide (CO), and carbon dioxide (CO2) with the option of 
oxygen (O2) and oxides of nitrogen (NOx). All exhaust gases were sampled at a point of around 
15cm beyond the exhaust valve. 
   In the present study, a stationary, single cylinder diesel engine with a rated output of 
3600 rpm was converted to operate as a gas engine using biogas as the fuel. Bio gas is stored by 
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using biogas bag (car tube), then it supplied to the engine through the control valve, The main 
function of the control valve is to control the flow rate of the biogas supplied to the engine. 
Ordinary petrol engine carburetor was modified to operate as a biogas fuelled engine. It mixes the 
biogas and atmospheric air properly before supply to the engine. An ordinary mechanical 
dynamometer was used to apply the load on the brake drum. First the Hemi-spherical bowl shape 
piston was tested with various load conditions and the performance values are tabulated. Engine 
was dismantled to replace the various piston bowl and the corresponding performance values also 
tabulated. Compression ratio of various piston bowl shape is maintained as constant because the 
volume of groove of the piston remains constant. The four-stroke spark ignition engine used in 
this study has a displacement of 359cc and a compression ratio of 18:1. 
3. RESULTS AND DISCUSSION 
 This chapter comprises the performance characteristic of the engine and the Fig 1 shows 
the variation of speed with respect to load. 
 
Fig 1 .Variation of speed with respect to load 
 Figure 2 shows the fuel consumption rate of the omega bowl type piston at various load 
condition. The converted biogas fuelled engine consumes large volume of fuel at full load 
condition and then the volume flow rate decreases with decreasing the load. 
 
Fig 2. Variation of LOAD with SFC 
HC Emission (HC) 
The variation of HC emission for LPG fuels under various engine loads is shown in Table. 
At a lower load, the blends containing higher percentages of diesel will have higher HC emission. 
It may be due to the lower viscosity of higher percentages of diesel in the blends, and a larger 
diesel dispersion region in the combustion chamber. However, at full load, diesel had the highest 
HC emission. 
 
S.Ramanathan  / International Research Journal of Automotive Technology 2018; 1(6): 198-203 
Carbon Monoxide Emission (COX) 
The carbon monoxide emission for this fuel was about slightly higher than that of standard 
diesel at full load. And it was actually lower for other operating modes, like light load and 
medium load. This can be due to fuel physical property effects, as was discussed in the case of the 
increase in hydrocarbon emission and the corresponding decrease in performance. The effects of 
fuel viscosity on fuel spray quality would be expected to produce some CO increase with 
vegetable oil fuels. 
Carbon dioxide emission (CO2) 
The CO2 emissions of various cotton seed -diesel blends used in diesel engines with load. 
The CO2 emission increases with an increase in load as expected. In the range of whole engine 
load, the CO2 emissions of diesel fuel are all higher than those of other fuels. The carbon content 
in Combination of CSO+ is relatively lower in the same volume of fuel consumed at the same 
engine load; consequently the CO2 emissions from cotton seed oil and its blends are lower. The 
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4. CONCLUSIONS 
As compression ratio increases, brake thermal efficiency increases. LPG has a higher 
octane rating and hence the engine can run effectively at relatively high compression ratios 
without knock. The CO and HC emissions increase as the compression ratio, speed, and load 
increase. In the case of using LPG in SI engines, the burning rate of fuel is increased, and thus, the 
combustion duration is decreased. Therefore, the cylinder pressures and temperatures Predicted 
for LPG are higher compared to gasoline. LPG is free of lead and has very low sulphur content. 
Combustion of gaseous fuels like LPG occurs in a nearly uniform fuel air mixture leading to a 
reduction in incomplete combustion deposits such as soot on the walls of combustion chamber. 
When using Gasoline fuel the BSEC consumption values slightly lower than the using LPG fuel. 
Because the C.V.of Gasoline is (43MJ/Kg) less compared to the LPG (46.1MJ/Kg).When load 
increase on the engine the CO, HC and CO2 emissions also increase. However, these emissions 
higher for Gasoline when compared with LPG. 
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